Acute limb ischemia (ALI) is defined as sudden-onset ischemic symptoms or signs within 2 weeks due to a decrease in peripheral limb perfusion. About 140 million cases of ALI occur annually, resulting mostly from an embolic event or local thrombosis (1). Due to high mortality and morbidity rates, as well as the risk of limb amputation, patients with ALI require emergency revascularization of the threatened limb (Rutherford class II) using either an open-surgical or endovascular approach, excluding an irreversible limb (Rutherford class III) that requires major amputation (2).
bolysis (3, 4) . These results suggest that endovascular intervention can be used as initial management in patients with ALI.
However, thrombolysis is recommended for patients with a marginally threatened limb (Rutherford class IIa) due to the limited time available to restore arterial flow (5) .
Recent studies reported reduced reperfusion time and lower complication rates of endovascular intervention by dose optimization, shortening of the duration of thrombolytic agent use, and improved endovascular and mechanical thrombectomy devices (6, 7) . Thus, the management strategy should be based on the extended indications of endovascular intervention for threatened limbs.
In the present study, we assessed the effectiveness of endovascular intervention using current devices and pharmacologic agents as initial management for cases of ALI, as compared to surgery, including in patients with marginally and immediately threatened limbs (Rutherford classes IIa and IIb).
MATERIALS AND METHODS

Patients
This retrospective cohort study was approved by our Institutional Review Board, and the requirement for written informed consent to participate in the study was waived. Patients who presented with Rutherford classes I-IIb ischemia and sudden onset within 2 weeks were included. Exclusion criteria for endovascular intervention were significant clinically active bleeding, intracranial hemorrhage, and compartment syndrome (8) . A total of 40 patients underwent endovascular intervention using aspiration thrombectomy (AT), catheter-directed thrombolysis (CDT) or additional angioplasty with/without a stent. Thirty-five of 40 patients met the inclusion criteria and were enrolled. Eighteen patients underwent surgery including embolectomy or bypass, but 2 patients with class III were excluded. Finally, 51 patients were included in the study.
Patients with a presumptive diagnosis of ALI based on ischemic symptoms (resting pain, paresthesia, sensory loss or motor weakness) and signs (coldness, cyanosis, and pulseless) from clinical history and physical examination underwent routine laboratory, electrocardiogram, and imaging studies, such as computed tomography angiography or a Doppler evaluation. Echocardiography was performed in patients with an abnormal electrocardiogram. Trans-thoracic echocardiography was performed in 23 of 51 patients. Additional trans-esophageal echocardiography was performed in 4 patients who showed suspicious findings in trans-thoracic echocardiography. Only 2 patients had a small amount of thrombus in the left atrial appendage and underwent CDT. After confirmed diagnosis of ALI on imaging, the patients were staged according to the Rutherford criteria and anticoagulated. The surgeon and interventional radiologists, in consensus, assigned the patients to either surgery or endovascular intervention based on their status. Because this study was a retrospective review based on different treatment policies for patients with ALI in the two independent institutions, there were no strict guidelines for assigning the patients to the surgery or endovascular intervention groups. However, the following cases were prioritized for surgery: occlusion of the superficial femoral artery extended to its ostium, and long segmental arterial occlusion, such as involving the entire segment of the superficial and popliteal arteries.
The follow-up included a history, routine physical examination, and laboratory tests. Imaging studies were performed for clinically suspected recurrence. Follow-up was closed at the time of death or the last patient visit. 
Endovascular Interventions
Clinical Outcome
Several parameters were used to assess early and late status outcomes of ALI. "Technical success" and "clinical success" were used for the early status assessment, whereas "patency" was ap- 
RESULTS
Patient Demographics and Baseline Limb Characteristics
The patient baseline and limb baseline characteristics were presented in Table 1 . A total of 51 patients were included in the study. Thirty-nine limbs of 35 patients in the intervention group were compared with 16 limbs of 16 patients in the surgery group.
Patients in the intervention group were more likely to be smokers or have arrhythmia. Otherwise, there was no significant difference between the two groups.
The majority of limbs were categorized as Rutherford class I ischemia (50.0% in the intervention group and 51.3% in the surgery group) in both groups. However, some limbs (12.5% in the surgery group and 17.1% in the intervention group) were Rutherford class IIb ischemia. The number of thromboembolisms in native vessels was greater than that in grafts in the intervention group; whereas, no case in a graft was reported in the surgery group. Most cases had multilevel thromboembolism. In cases with a single lesion, the femoropopliteal location was affected most frequently in both groups. The mean follow-up period was 16.6 months in the surgery group (range, 1-36 months) and 23.4 months (range, 1-71 months) in the intervention group.
Procedural Details and Clinical Outcomes
Procedural details and clinical outcomes were presented in Tables 2 and 3. In the surgery group, embolectomy was performed in 11 limbs (68.8%), in addition to bypass grafts in 5 limbs (21.2%). In the intervention group, AT and CDT were performed together in 29 limbs (74.4%), and 10 limbs (25.6%) underwent AT only. Additional angioplasty with/without a stent was performed in 25 patients (64.1%) to treat an underlying lesion accompanying a thromboembolism.
The overall technical success rate was slightly higher in the intervention group (82.1%) than the surgery group (75.0%; p = 0.553), without significance. The overall clinical success rate was similar in the intervention and surgery groups (84.6% vs. 87.5%; p = 0.620). In patients with class IIb ischemia, who are not conventional candidates for endovascular intervention, the success rate in the intervention group was also relatively high (85.7%).
No procedural-related mortalities were observed. Below-knee amputation was performed in one patient in the surgery group due to compartment syndrome after embolectomy and bypass surgery during the follow-up period. However, only three minor complications including one pseudoaneurysm and two accesssite hematomas occurred in the intervention group.
The endovascular intervention showed technical failure in 7 patients. Among them, immediate surgical intervention was required in 6 cases including 5 surgical thromboembolectomy and 1 below-knee amputation. After adjuvant surgical interven- (Fig. 2) . In the intervention group, 3 patients expired due to comorbidities during the follow-up
period. An 87-year-old male patient expired from septic shock with bowel infarction due to superior mesenteric artery occlusion at 4 months after the procedure; a 76-year-old female patient expired from cardiac arrest during pneumonia treatment at 8 months after the procedure; and a 76-year-old male patient expired due to sudden cardiac death after 8 months. However, no death occurred within 30 days after the procedure. AT removes the thrombotic occlusion rapidly and reliably with expedited restoration of flow, which limits the duration of symptomatic ischemia. Thrombolysis combined with AT is usually used due to the shorter infusion duration and lower total thrombolytic dose. Indeed, thrombolysis required a mean of > 24 h to achieve flow in both the STILE and TOPAS trials (3, 4) .
The duration of infusion was < 24 h in the majority of patients (26/31) treated with thrombolysis in this study. A longer duration of infusion is associated with an increase in the complication rate (11), hence a short duration infusion (< 24 h) likely contributed to the lack of major complications related to thrombolysis, such as intracranial hemorrhage, in our study.
We administered urokinase for thrombolysis, as compared to recombinant tissue plasminogen activator in other studies. In the past, urokinase was the most widely used thrombolytic agent, but recombinant tissue plasminogen activators gained market dominance when urokinase was removed from the market by the Food and Drug Administration. Although urokinase has no fibrin specificity, it shows a similar thrombolysis rate and lower rate of intracranial bleeding and is more cost efficient than recombinant tissue plasminogen activators (12) . Overall, the rate of major bleeding as a complication of CDT with use of a recombinant tissue plasminogen activator in patients with arterial occlusive disease is 5-16% with a 1-2% incidence of intracranial hemorrhage (13). However, no major or intracranial hemorrhage was observed with use of urokinase in our study. residual stenosis after a balloon angioplasty (14) .
Our study had several limitations. First, this was not a randomized comparative study, but a retrospective review of medical records. The two groups had different numbers of patients, baseline characteristics, and limb ischemia severities. Therefore, selection bias could have been introduced. Second, patients were categorized using the Rutherford classification based only on the recorded symptoms and signs, so the data could be incorrect in some patients. Last, the number of patients was small, particularly in the surgery group; hence, there was no statistical significance in the clinical outcomes. Nevertheless, the study results of higher technical success and limb salvage rates suggest that endovascular intervention is potentially a preferred treatment for patients with ALI. A larger cohort study is required to confirm these findings.
In conclusion, endovascular intervention is a safe and effec- 
